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Forschungsbeitrage/Research Papers 



Variations in isomer distribution in commercially 
available conjugated linoleic acid* 

Martin P. Yurawecz 1 , Najibullah Sehat 1 , 
Magdi M. Mossoba 1 , John A.G. Roach 1 , 
John K. G. Kramer 2 , and Youh Ku 1 



Conjugated linoleic acid (CLA) has been reported to have anticarchw>- 
genic and antiatherogenic properties, u repartition body fat, to build 
bone jnat&. co nommlize glucose rr^crancc, and to reduce hyper- 
glycemia and diabetes, CLA products arc now commercially available, 
and Afire is considerable interest in studying CLA because of this range 
of reported beneficial effects. However, tittle is known about the com- 
posftion of these preparations. Rcpr-cvgiratrvc commercial CLA prod- 
ucts in capsule or liquid (aqueous or oily) form were analyzed for their 
CLA content and ison^compositioii using gas chromatography (GO, 
silver ion-high performance liquid cinematography (AgT-HPLC) and 
spectroscopic techniques. The content of CLA in the preparations var- 
ied widely. Based On the GC-intrmal standard ifichrriquA, total CLA 
vHried from 2fl id 89% by iota] weight and 23 to 94% of total fat. One 
product contained no CLA. The isomer dkuiburions were generally of 
rwo types: those with two major CLA positional isomers, and those 
with four major CLA positional isomers. All the CLA preparations in 
capsule form contained the foor isomer mixture while the liquid prepa- 
rations eon Uuned from two 10 four CLA positional isomers. 



NOTICE: This material mz? protectee 
^iSpyrightlaw (Title 17 US Code) 



Unterschiede In tier Isomarenvortell ung kommerziell erhaMoher 
fccnjuglerter Llnolsaiire. Vod Vonjugiertcr Lmolsfrire (CLA) wurdc 
berichiet, daB sie anticaiKcrogcne iind anriatherogene Bgertschaften 
hat. Korperfctt rt^artionjen, Knocheiunasse aufbaut, Gtokosetoleranz 
notmalisiert und Hypcr^ykimie and Diabetes leduzierL CLA-Produk- 
(c sind jem ko uim c gl ell erh&tlich, und es gibt wegen dcr oben aufge- 
ftihrten prositiven £ffektc ein betrfictuliehcs Inzeresse dac&n, CLA w 
studieren, ADeidiflgs isi wenig bekannt fiber die Zusammensetzung 
dicser HcraellirngML Representative kunnuciii elle CLA-Prodofce in 
Kapsel- oder flflssiger Farm (auf Wasser- oder 5lbasis) wmden mit Hil- 
fc ones Ga$cfarofflaio£raphen (GQ, Sijjberioiien-Hocbd rockflflssig- 
keitsetrfomaiographte (Ag'-HPLG) and spefctTDSkupiscber TfechniVen 
auf ihrcn CLA-Inhalt und Are isomere 2usamniensetzung analysierx. 
Der fohall der CLA in den Hcrstellungen vanScrtc stark- Auf der Basis 
dcr GCHmcmca Simidardreehnflc schwanlaea die gesamten CLAzwi- 
schen 20 und 89fc bezogen auf das Gcsanjtgcwicht und *wi«hen 28 
und 94% hezogen auf den GesamrfettarrteiL Ein Produkt enmienr keine 
CLA. "Die Isamerverteifungeq nmenjliedetten sicb aUgcaieia in rwei 
TypcTU solche mil zwei Positioosisometen und solche mit vier Positi- 
onsisomeren. ATle CLA-Heretcllurrgen in Kapselfcrm bcinhaltcten das 
Gemisch der vier Isomere, wShrend die flOssigen Herstellungen zwi- 
schen zwei und vier der Positionslsornere entnieken. 



I Introduction 

Conjugated linoleic acid (CLA) has been reported to pro- 
vide direct [1] or indirect [2] protection against several types 
of cancer, atherosclerosis [3, 4J, and diabetes [5]. CLA. has 
also been reported to improve feed efficiency [6] and in- 
crease muscle [7, 8], and bone mass These results were 
generally obtained m experimental animals fed commercial 
CLA preparations containing approximately equal amounts 
of four cis/trans conjugated octadecadienoic (1&2) acids: 8 
irons, 10 cr^-18:2; 9 cis. 11 /m/ir-18:2; 10 trans, 12 eiM8:2; 

II c£& 13 rjTziu-18^; and minor amounts of the correspond- 
ing cis,cis and trans, trans CLA isomers [10], Thus, the con- 
tributlon(s) of the specific isomers to the observed effects are 
not known. In contrast, natural produces, such as milk, 
cheese, and meat from ruminant animals contain mainly 
rumenlc acid (9 cis, 11 trxm$~l&£.) til— 13) with minor 
amounts of 7 trans. 9 ciMS:2 [14] and other isomers 
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[15-17], The total CLA content in these natural products 
ranges from trace to 2% of total fatty acids [12, 18, 19], 

The present study was undertaken to determine the con- 
tent and distribution of CLA isomere in comrrrerrfariy avail- 
able CLA capsules and liquid products with labels staling to 
contain CLA. The CLA isomers were analyzed by gas chrr> 
maiography (GO and silver ion-high performance liquid 
chromatography (Ag'-HPLQ as their fatty acid methyl 
esters (FAME), and identified by GC-electrou ionization 
mass spectroscopy (CC-CHvlS) and GC-direct deposition^ 
Fourier transform infrared (GC-DD-FTTR) spectroscopy as 
their 4,4-dimcthyloxazoIinc derivatives [10, 14 T 17, 20], 

2 Materials and Methods 

2.1 Chemicals 

Representative CLA preparations wcre purchased locally, 
from specialty chemical companies, or from the World Wide 
Web. Several pure CLA isomers were obtained as their free 
fatty acids from Matreya, Inc. (Pleasant Gap, PA). Acetoni- 
trile and hexane were LTV grade. Other solvents were dis- 
tilled-in-glass quality. 2-Amino-2-rnethyI-l-propan 1 (95%) 
was purchased from Aldrich Chemical Company, Inc, (Mil- 
waukee. WI), A 10% solution of tomc^ylsUyldiazomethan 
in hexane was obtained from TCI America (Portland, OR). 
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Armydrous NaOCH^/methanol was purchased from Supelco, 
Inc. (Bellefome, PA.). 

22 Upid extraction - 

A known weight (approximately 25 mg) of each product 
was dissolved in 2ml IN KOH in ethanol (95%) and 
hydrolyzed overnight in the dark at room temperature. For 
quantitative analyses, one mg of eicosanolc acid (23:0) was 
added as an internal standard. After hydrolysis, 5 ml of H 2 0 
and one ml of 6 N HQ were added and the free fatty acids 
were extracted three times with 5 ml diethyl ether/petroleum 
ether (1:1)* The combined extracts were washed with H 2 0 
and dried over anhydrous Na 2 SO*t and the solvents removed 
tinder a stream of argon- Aqueous CLA samples were first 
extracted with petroleum etber/diethy] ether (1: 1 ), and 25 mg 
of the extracted lipids were treated as described above. 

2J3 Derivatizations 

FAMEs were prepared for GC by dissolving the free fatty 
acids in one ml of benzene/inechanol (4: 1) to which 0-5 ml of 
a 10% solution of trimethylsDyldiazomethane in hexane 
were added [21]. The reaction was allowed to stand for 0.5 h 
with occasional gentle shaking. Thereafter, five drops of 
glacial acetic acid were added with gentle shaking. The same 
amount of glacial acetic acid was added to each Of the solu- 
tions to destroy excess yellow trimethylsilyldiazomethane. 
S me solutions did not become clear on addition of glacial 
acetic acid. Then 5 ml of H2O were add ed, and the reaction 
mixture was extracted with one ml of isooctane. The extract 
was subsequently dried over anhydrous Na 3 S0 4 . 

The 4,4<rhTiethyloxazoline (DMOX) derivatives were 
prepared to determine the double bond position of CLA iso- 
mers. Ten to 20 mg of The free fatty acid product prepared 
above was added to a screw cap reaction tube (1 ml) and a 
threefold excess (w/w) of 2-amino-2-methyl-l-propanol was 
added. The tube was purged with argon, capped, and heated 
at 170 °C for 0.5 h in an o vcn_ DMOX derivatives were then 
partitioned into petroleum ether as described previously [22]. 

2*4 Gas chromatography 

The analyses Of the FAMEs were carried out using a 
Hewlett-Packard (Palo Aho, CA) model 5890 gas chromato- 



graph fitted with a flame-ionization detector. A CP-Sil 88 
fuscd-^fica capillary column (100 m x 0,25 mm i.d. x0-2jim 
film thickness; OvompacK Bridgewater. NJ) was used, and 
H 2 was the carrier gas at a split ratio of 50:1. The column was 
operated at 75 °C for 2 rnin, then tcmperature-prograrrimed at 
5 °C/min to 185 °C, held for 30rnin, followed by a second 
temperature program at 4 °C/rnin to 225 fl C and held there for 
33rnin- 

2-5 A£p-HPLC 

The HPLC (Waters 510 solvent delivery system; Waters 
Associates, Milford, MA) was equipped with an autosampler 
and 200-jil injection J oops (Waters 717), aUV detector oper- 
ated at 233 run {Waters 486 tunable abSorbance) t and a data 
system (Waters Millennium™ version 2.15). A ChrpmSpher 
5 Lipids analytical silver impregnated column (4.6 mm Ld. 
x 250 mm stainless steel; 5 u\m particle size; Chrempack. 
Bridgewater, NJ) was operated at room temperature. The 
mobile phase was QA% acetonitrile in hexane and operated 
isoratjcally at a flow rate of 1.0 ml/min. The retention times 
varied slightly between runs due to the insolubility of ace- 
tonirrile in hexane. However, these changes did not affect the 
relative ehmon sequence of CLA isomers. Typical injection 
volumes wiere 5-15 itl at a concentration of 1 mg total FAME 
per ml. 

2.6 Gas chromatography - electron ionization 
ntttss sp&ctrorflstry 

The GC-EIM5 analyses were performed by using a 
Hewlett-Packard (model 5890, series II) GC coupled to a 
mass spectrometer {Auxaspec Q mass spectrometer) and a 
data system (OPUS 4000; Micromass, Manchester, UK). 
The GC-EMS system utilized version 2,1 BX software. This 
system was used with a 50 or 100m CP-SB 88 fused-silica 
capillary column. The GC-&MS conditions were: splitless 
injection with helium or hydrogen as the carrier gas and 
sweep was restored Lmin after injection. The injector and 
transfer lines temperatures were 220 °C. The column was op- 
erated at 75 °C for one rnin after injection, then temperature- 
programined20 0 Omuitol85X»he 
tmperaon^programmed 4 D C/min to 220 °C, and held there 
for45min. 



Tih- 1. Conjugated linoleic add (CLA) methyl ester isomers, a* % of ipihJ CLA, in 13 commercial CLA preparations as determined by silver 
ion-high performance liquid chromatography (AgMttLC). 
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* TbcCLA isomers exist either in the c£tfraf»orr«in*ictocoofiguririoi^ b 0, nor detectable* c rr. trace (< 0.05%). 
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2.7 OC-direot deposition Fourier transform infrared 
spectroscopy 

GC-DD-FTIR was performed using a B Ut-Rad (Cam- 
bridge MA) Tracer** GC-FTIR 6QA spectrometer system. 
Tbis Systran was used with a 50 m CP-Sil-88 fused-sHica 
capillary column as described previously [23, 24]. 

3 Results and Discussion 

Preparations of CLA were capsules or liquids that were 
water-based or oil-based; some contained non-lipid rnaieriaL 
Their chemical compositions were not known. Based on die 
assumption thai the CLA products consisted of esters, free 
fatty adds Or combinations thereof, all products were hy- 
drolyzed under alkali conditions and subsequently methylat- 
ed by using triinethylsflyldiazomeftane as catalyst to ensure 
preservation of me original distribution of CLA isomers 
125]^ 



Total fatty acid compositions of the 13 CLA products 
were determined. The internal standard (23:0) added to the 
CLA products provided a mean to determine th amount of 
total fatty adds in the original CLA mixture. When [his total 
tatty add value was compared to the 25 mg of starting mate- 
rial used, an approximate estimate of the non-lipids in the 
sample was obtained. The approximate amount of non-lipid 
material calculated for these products ranged from 3 to 28%. 
In addition, unidentified FAMEs ranged from 1 to 29*. The 
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Fig. 1. Gas (upper gcaph) And silver km-high performance liquid (low- 
er graph) ehmmatogramje of & commerial conjugated Itnoleie add 
(H A) preparation containing flo CLA. The corresponding CLA 
regions ia each diromalogram arc InliftTlcoV. x is an unknown cotiw 
ponent. The jfesorbance scale is shown in the lower graph to mriirate 
the low response found in the CLA region. 
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Hg. 2. Gas (upper graph) and diver ion-higti performance Squid (tow- 
er graph) ctuomaiogrmms of a representative commerial coqjufiaitd 
licoleio acid (CLA) preparation consisting primarily of two CLA iso- 
mer6>9cfe 11 trans-\&2 and 10 ra/v, L2 cis-l%i2. Peaks correspond- 
ing to CLA Isomers in each chzomatogrdm isre labelled- 
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major fetty acids, other than the CLA isomers found in the 
preparations, included palmitic stearic (18:0), oleic 

(lSiIn-9), and linoJeiC (182n-6) acids, Their combined con- 
tent ranged from 1 to 849fe in the products examined. B ased 
on the GC-inrernal standard technique, total CLA content 
ranged from 0 to 94% of the total FAMES, or 0 to 89% of the 
mass content of the products. 

The CLA isomer distributions in the products, analyzed 
by a combination of GC and Ag*-HPLC, are shown in Tab. 1 . 
No CLA was found in product J . Hie CLA-containing prod- 
ucts fell into two catagories: those composed of two major 
CLA positional isomers (9 cls t 11 770/25-! 8:2 and lOzrans. 12 
cij-f 8:2), and those composed of four major CLA positional 
isomers (8 irons, 10 eir-1 8:2; 9 cis. 11 lrans-lS:2\ 10 (rans. 
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Hg. 3. Gas (upper fitapb) and silver ion-high performance liquid (low- 
er graph) dvonuiiDgxams of a xeprcgcqmive CO material conjugated 
liooltic acad (CLA) pitparaiioD consisting primarily of four CLA iso- 
mers, « fruit* 10cu-lfc2.9c£f, 11 mov-lS:^ 10 tran& 12<rfj-18:2afld 
11 13 Peaks amtsportdiug (0 CLA isomers in each 

chromatogram are fahclfert; x is in unknown component. 
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12 cLf-lSi and 11 cis, 13 rra«$-18:2). Other minor CLA 
isomers were present at much lower concentrations, but are 
not reported. All the CLA products in capsule form con- 
tained the mixture of four isomers, while rhe liquid products 
ccntaured either two or four CLA positional isomers. Repre- 
sentativ GC and Ag*~HPLC ctomatograms for these 
groups arc shown in FigS- 1,2, and 3, respectively. 

An explanation for the differences in isomer distributions 
among the products was not available. Alkali isovnerization 
of i&2 n-6 in laboratory scale batches prepared according to 
pubnsfced procedures [12, 26* 27] resulted in the formation 
of only two CLA isomers, Le. r 9 cis, 11 rrcw-I8:2 and 10 
trans, 12 crff-18:2. Alkali isomerization under large-scale, 
and possibly more severe conditions, may have produced die 
tour CLA positional isomer pattern observed in the commer- 
cial CXA preparations described here. This will need to be 
confirmed. 

The GC analyses were based on use of a 100m polar 
capillary column. En this system, 8 irons, 10 cu-18:2 was not 
resolved from 9 cis, 11 trans-l&Z. A shoulder or a split peak 
may occasionally be evident when the amounts of these two 
isomers are approximately equal. In contrast, 11 as, 13 
iran&\%\2 eluted before and was resolved from 10 trans, 1 2 
cfr~l&2 using this GC column (Kg. 3, upper graph). The 
cis t cis CLA isomers eluted after 10 irons, 12 cis-18:2 in ihe 
order 8, 10-, 9 F 11-. 10, 12-, and 11,13-18:2 as established 
previously [10> 20]. The last CLA isomers to elute were the 
transjrwis, consisting of a small peak due to 11,13-18:2 fol- 
lowed by an unresolved mixture of 10,12-, 9,11-, and 8,10- 
18:2 as demonstrated previously [14. 17]. A small unknown 
peak was observed between the cis,cis and the trans t tmns 
CLA isomer regions. The structural identity of all CLA iso- 
mers was established and confirmed by analyzing rhe 
DMOX deri vative s of selective CLA produces by GC-EQMS 
and GC-DD-FTUt Representative mass and infrared spectra 
were published previously [10, 14, 17,27]. 

Qroraatograms showing the separation of the CLA iso- 
mers by Ag^-HPLC are presented below the GC chro- 
mafogramg in Figs. 1 to 3. The elution orders of all the geo- 
metric (in rhe order trans, trans, cis/trans. and risers) and 
positional 0a the order 11,13-, 10,12-, 9,11-, and 8,10-182) 
CLA isomers by Ag+-HFLC were established previously 
[10]. Ag*-HPLC was essential to complement the GC analy- 
sis and establish die composition of 8 trans. 10 cis-l 8:2 and 
9 cis. 11 rra/u- 18:2, and the tfistnbntion of most of the 
transoms CLA isomers. 

In contrast to the commercial CLA preparations, that were 
found to contain two or four CLA positional isomers, natur- 
al dairy products and meats from ruminant qtittrmTt contain 
primarily rmnenic acid, 9 cis, II trans-1%12 [11 T 12 f 14, 
17-19]. While it has not been established, which isomers) is 
(are) responsible for the reported beneficial properties of 
CLA, it is generally thought that anticarcinogenicity is due 
to rumenic acid [12, 15]. The nutritional and physiological 
effects, if any, of other CLA Isomers) in commercially avail- 
able CLA preparations are not known. 

We recently reported, that one of the four major cis/trans 
CLA isomers, 11 els, 13 irons-ISO, accumulates preferen- 
tially in heart phospholipids and specifically in heart and liv- 
er dipfaosphaddyl^lycerol (DPG) of pigs fed a (XA mixture 
containing four positional isomers [20], DPG is a major 
component of inner mitochondrial membranes and is in- 
volved in many enzymes of bioenergetics in the mitochon- 
dria [28, 29]. Watkins et aL [30] demonstrated that docosa- 
hexaenok acid (22:6 n-3) accumulated in DPG of human 
colonic adrcnocarcinoma (HT-29) cells and increased mito- 

Fctt/LkWlOl (1999). 8,5.277-2*2 
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chondrial oxidant production. Similarly, 11 cis, 13 trcuis- 
18:2 (or any otter CLA isomer incorporated into DPG), 
could affect mitochondrial oxidant production, particularly 
since it has been shown that the xidativ susceptibility of 
CLA is comparable to that of aradtidonic acid (20:4 n-6) [31, 
32], In response to our findings that Ucis, 13 rrwtr-18:2 was 
selectively incorporated into DPG [20], a major supplier of 
commercial CLA preparations recently modified the process 
to eliminate the 11 as. 13 mznj-18:2 isomer: The simultane- 
ous elimination of 8 trans, 10 c£f-18:2 from the resulting 
CLA mixture was an additional benefit of preparing a CLA 
mixture devoid of 11 cis, 13 irojtf-18:2_ 

In conclusion, the CLA products analyzed in this study 
were found to contain up to 12 geometric and positional 
CLA isomers. These findings are based on appropriate and 
improved analytical methodologies that have only recently 
been developed [10, 14, 16, 17, 20, 27]. All commercially 
available CLA products investigated differ, some signifi- 
cantly, and the isomers present may not necessarily represent 
active CLA components. As new products consisting of two 
or perhaps only one CLA isomer become available, it will be 
possible to determine the physiological effects of specific 
isomers. This is essential for an understanding of this unusu- 
al group of lipids. 

Abbreviations 

Ag*-HPLC. high-performance liquid chromatography; curtrcro, 
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